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THE COST OF CAF'ITAI,, CAPITAL BUDGETING, AND 
THE PlAXIMIZATION OF SHAREHOLDER WEALTH

W i l l i a m B e r a n e k *
The need f o r a c o r p o r a t e marginal c o s t o f c a p i t a l t o h e used f o r i n t e r n a l a c c e p t -r e j e c t d e c i s i o n s ( e i t h e r a s a r a t e of d i s c o u n t f o r n e t -p r e s e n t -v a l u e (NPV) computations o r a s a " c u t -o f f " r a t e w i t h t h e i n t e r n a l r a t e o f r e t u r n ( I R R ) c r i t e r i o n ) h a s l e d numerous textbook w r i t e r s t o advocate some v a r i a n t of a weighted average c o s t o f c a p i t a l . These a u t h o r s a g r e e s u b s t a n t i a l l y on how
c o s t s of i n d i v i d u a l s o u r c e s of c a p i t a l a r e t o b e a s s e s s e d b u t a r e u n c e r t a i n of how t h e w e i g h t s should be determined, whether t h e y s h o u l d r e f l e c t t h e f i r m ' s e x i s t i n g c a p i t a l s t r u c t u r e , a t a r g e t s t r u c t u r e , o r t h e mix, however d e t e r m i n e d , i n t h e f i r m ' s forthcominq c a p i t a l b u d g e t , and whether t h e y should be based on book o r market v a l u e s . Moreover, it i s n o t obvious how book o r even market v a l u e s should be measured. These w r i t e r s have n o t proven t h a t t h e i r i n t u i t i v el y h e l d d e f i n i t i o n s d o i n g e n e r a l , f o r c a p i t a l b u d g e t i n g , imply maximizing
1 s h a r e h o l d e r w e a l t h .
Under c e r t a i n assumptions which i n c l u d e , of c o u r s e , t h e i m p o r t a n t o b j e ct i v e of s h a r e h o l d e r w e a l t h maximization, we w i l l d e r i v e t h e f i r m ' s MCC.
I n p a r t i c u l a r , f o r f i n i t e -l i v e d p r o j e c t s we w i l l s t u d y s i t u a t i o n s i n v o l v i n g l e v e l cash f l o w s , a f i x e d l e v e l of d e b t i n combination w i t h a d e c l i n i n g e q u i t y b a l a n c e , and s t r a i g h t -l i n e income-tax d e p r e c i a t i o n on t h e p r o j e c t ' s i n i t i a l c o s t . 2 In
T h e U n i v e r s i t y of P i t t s b u r g h . I a m i n d e b t e d t o the l a t e R o b e r t F . B y r n e , t o D a v i s C h a n g , a n d t o J a m e s McGuigan f o r h e l p f u l d i s c u s s i o n s .
' w r i t e r s who have e x p r e s s e d concern about t h e i n d i s c r i m i n a t e u s e of a weighted average c o s t of c a p i t a l i n c l u d e M e r r i t t and Sykes [ 4 ] , Robichek and
EcDonalc? [ 8 ] , Myers [7] , Iialey and S c h a l l [ 2 ] , A r d i t t i [ l ] , and V i c k e r s 1101 . [61 and Solomon [ 9 ] , w h i l e A rd i t t i [ l ] h a s shown t h a t a s p e c i f i c weighted averaqe can b e d e r i v e d from t h e g e n e r a l d e f i n i t i o n f o r t h e p e r p e t u i t y c a s e , b u t u n l i k e Modigliani and M i l l e r h i s e x p r e s s i o n i s n o t l i n k e d t o s p e c i f i c i n t e r n a l c a p i t a l budgeting c r i t e r i a . Under more g e n e r a l c o n d i t i o n s , Myers [7] and IIaley and S c h a l l [2] have l i k e w i s e d e r i v e d a weighted average f o r t h e p e r p e t u i t y c a s e .
I n d i v i d u a l s who have d e r i v e d weiahted a v e r a g e CCs under s p e c i f i e d condit i o n s i n c l u d e , o f c o u r s e , Modigliani and M i l l e r
I n t r o d u c i n g a c o n s t a n t d e b t -e q u i t y r a t i o c o n s t r a i n t i n t o t h e f i n i t e -l i v e d p r o j e c t a n a l y s i s i s a n a l y t i c a l l y d i f f i c u l t and i s t h e t a s k o f a n o t h e r p a p e r . t h e case of i n f i n i t e -l i v e d p r o j e c t s , which i s a s p e c i a l case of t h e f i n i t el i v e d model, we w i l l t r e a t l e v e l perpetual cash flows along with an implied constant debt-equity r a t i o and s t r a i g h t -l i n e income t a x d e p r e c i a t i o n of t h e p r o j e c t ' s i n i t i a l c o s t .
For f i n i t e -l i v e d . p r o j e c t s we w i l l show, under t h e above assumptions, t h a t t h e f i r m ' s MCC depends on t h e r a t e of i n t e r e s t , t h e required r a t e of r e t u r n t o stockholders, t h e corporate marginal income t a x r a t e , t h e r a t i o of debt t o e q u i t y financing i n t h e c a p i t a l budget however it may be determined, and t h e l i f e t i m e of the proposed p r o j e c t . However, i n t h e case of a popularly accepted cash flow concept t h e MCC depends, i n a d d i t i o n t o t h e above f a c t o r s , on t h e p r o j e c t ' s cash flows as well. For f i n i t e -l i v e d p r o j e c t s we w i l l show t h a t the heavily advocated weighted average c o s t of c a p i t a l (CC) emerges a s a s p e c i a l case, namely, f o r single-period investments financed with single-period debt.
I t w i l l a l s o be shown t h a t , when the f i n i t e -l i v e d p r o j e c t i s extended i n t o p e r p e t u i t y , we obtain various forms of a weighted average C C , depending on what cash flow d e f i n i t i o n i s used f o r c a p i t a l budgeting, but t h e c l a s s i c textbook form emerges when we have even, cash flow streams along with a constant dehte q u i t y r a t i o , a r e s u l t which was a l s o derived by Haley and S c h a l l [21 and 3 Myers [ 7 ] . F i n a l l y , and what i s most important, when t h r e e d i f f e r e n t notions of t h e I R R a r e studied ( d e f i n i t i o n s which d i f f e r s o l e l y because of d i f f e r e n c e s i n cash flow d e f i n i t i o n s ) , we w i l l o b t a i n , i f shareholder wealth i s t o be increased, an MCC corresponding t o each. Since each IRR i s associated wjth a unique MCC, each such procedure--each n e t cash flow-IRR-MCC approach--is equivalent f o r a c c e p t -r e j e c t purposes. Among these t h r e e cash flows, and perhaps ot.hers, t h e r e i s no s i n g l e " c o r r e c t " d e f i n i t i o n f o r a c c e p t -r e j e c t purposes. I f t h e o b j e c t i v e i s shareholder wealth maximization, a l l t h r e e procedures a r e c o r r e c t .
One more comment i s important. W e a r e not concerned with problems of i mplementation; we have our hands f u l l deriving c o r r e c t c r i t e r i a .
The f i r s t p a r t of t h e paper s e t s f o r t h our p o s t u l a t e s ; t h e followinq sect i o n d e r i v e s t h e acceptance condition f o r a f i n i t e -l i v e d independent investment 31n a d d i t i o n , s i n c e the p r o j e c t ' s i n i t i a l c o s t i n our a n a l y s i s i s deprec i a t e d on a s t r a i g h t -l i n e b a s i s i n t o p e r p e t u i t y , t h e t a x depreciation allowance p e r period w i l l he shown t o go t o zero. Haley and S c h a l l , however, e x p l i c i t l y assume the absence of standard t a x d e p r e c i a t i o n by assuming t h a t c a p i t a l ". . . expenditures a r e t r e a t e d a s ' c o s t s ' which a r e tax-deductible when incurred." See [2] p. 306, footnote 12. Myers does not e x p l i c i t l y consider it. However, it would seem t h a t i f he were t o allow f o r it i n h i s a n a l y s i s t h a t i t , too, would go t o zero a s t h e p r o j e c t ' s l i f e t i m e approached i n f i n i t y . o p p o r t u n i t y i n terms o f t h e market v a l u e o f t h e s h a r e s owned by t h e f i r m ' s e x i s t i n g s t o c k h o l d e r s . From t h e above s t o c k h o l d e r a c c e p t a n c e condi'tion w e d e r i v e n e x t t h e MCC a s s o c i a t e d w i t h e a c h of t h r e e d e f i n i t i o n s o f t h e IRR. T h i s e n a b l e s us t o enumerate n e x t t h e s p e c i a l c o n d i t i o n s t h a t y i e l d t h e s t a nd a r d , textbook m a r g i n a l CC e x p r e s s i o n , a s w e l l a s t h o s e t h a t produce equival e n c e s among t h e s e MCCs. B y d e r i v i n g e a c h MCC from a c o r r e s p o n d i n g d e f i n i t i o n of t h e I R H , we w i l l no l o n g e r he i n doubt a s t o how, q i v e n o u r assumptions, t o (1) d e f i n e c a s h flows and t h e IRR f o r budgeti-nq p u r F o s e s , and ( 2 ) d e f i n e t h e corresponding MCC. The p a p e r concludes w i t h a s e r i e s of i l l u s t r a t i o n s showing how t h e d e r i v e d M C C does i n f a c t produce a s e r i e s of cash flows s u f f i c i e n t t o s a t i s f y a l l claimants--the government, bondholders, and s t o c k h o l d e r s --a showi n g which cannot he d u p l i c a t e d w i t h t h e c l a s s i c weiahted a v e r a g e CC e x c e p t i n s p e c i a l c a s e s .
I . The B a s i c Assumptions W e s h a l l assume t h e f o l l o w i n g p o s t u l a t e s :
1. Tile n e t cash flows ( t o b e d e f i n e s l a t e r ) s t e m i n y froro t h e f i r m ' s investment o p p o r t u n i t i e s a r e c o n s t a n t p e r p e r i o d .
2.
There a r e no t r a n s a c t i o n c o s t s ; t h e r e i s no p r e f e r e n t i a l c a p i t a l g a i n s t a x ; t h e c o s t of r e t a i n e d e a r n i n q s i s e q u a l t o t h e c o s t o f new common s t o c k f i n a n c i n g and i n v e s t o r s are i n d i f f e r e n t between r e c e i v i n g c a p i t a l g a i n s and iiiviclend income.
.
I n v e s t o r s i n t h i s f i r m p r e f e r more w e a l t h t o l e s s wealth and t h e 5. Debt i s n o t r e p a i d u n t i l t h e e x p i r a t i o n of t h e l i f e t i m e o f t h e proj e c t w h i l e e q u i t y cash f l o w s a r e r e t u r n e d t o s h a r e h o l d e r s when g e n e r a t e d , implying t h a t t h e d e b t / e q u i t y r a t i o s t e a d i l y i n c r e a s e s w i t h t h e p r o j e c t ' s l i f e .
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. The s h a r e h o l d e r -i n v e s t o r ' s r e q u i r e d r a t e o f r e t u r n , k , i s c o n s t a n t o v e r time. I n view of ( 5 ) , t h i s becomes an awkward assumption.
However, a c o n d i t i o n s u f f i c i e n t t o s a t i s f y t h i s p o s t u l a t e i s t h a t t h e cash flows a r e c e r t a i n , b u t t h i s i s n o t n e c e s s a r y . I t i s a l s o s u f f i c i e n t t o assume t h a t t h e d e q r e e o f u n c e r t a i n t y and/or t h e i nc r e a s e i n t h e d e b t / e q u i t y r a t i o i s o f a s i z e n o t t o c a u s e k t o change o v e r time.
7. Following Williams 1111 we s h a l l a d o p t t h e fundamental v a l u a t i o n e q u a t i o n f o r t h e market v a l u e o f t h e f i r m ' s e q u i t y a t time t = 0:
(1.1) s i n c e --
The Fundamental Stockholder Acceptance Condition
Let R t and c t Aenote cash inflows and outflows r e s p e c t i v e l y i n period t ( t = 0 , 1,...n ) . Consider how a d i s c r e t e n-period independent investment opp o r t u n i t y which w i l l generate expected n e t cash flows of Rt -c > 0 f o r t t = 1, 2,... , n , and where Ro = 0 and c 0 > 0. The convenient assumption t h a t Rt -c t > 0 f o r t 2 1 enables us t o assume t h a t c can be financed from R t t combined with t h e f a c t t h a t co > 0 provides us with equivalent accept-reject c r i t e r i a with respect t o t h e two capital-budgeting c r i t e r i a : NPV and I R R . I f t h e c a p i t a l budget i s t o be financed with t h e f r a ct i o n a of n-period bonds and t h e f r a c t i o n (1 -a ) of e q u i t y , then t h e equity financing requirements a r e (1 -a ) c 0 . The q u a n t i t y (1 -a ) c o may be viewed as the " c o s t of t h e p r o j e c t " o r t h e " n e t cash outflow" from t h e e x i s t i n g shareh o l d e r ' s p o i n t of view.
Assume t h e bonds a r e t o be repaid i n f u l l a t t h e end of period n and t h a t i n t e r e s t must be paid p e r i o d i c a l l y a t t h e r a t e r. Let y denote t h e corporate income t a x r a t e , and we s h a l l assume t h a t t h e p r o j e c t has no salvage value
and t h a t i t s c o s t , c o t i s s u b j e c t t o s t r a i g h t -l i n e depreciation f o r t a x purposes.
Letting Rt -c = A and since A i s assumed c o n s t a n t , we can h e r e a f t e r t t f t drop the s u b s c r i p t t; then from t h e point of view of e x i s t i n g shareholders, t h e i r n e t cash flow i s :
S i n c e t h e d i v i d e n d payout p a t t e r n i s i r r e l e v a n t t o t h e market v a l u e of t h e f i r m ' s s t o c k , wc c a n , w i t h o u t l o s s o f g e n e r a l i t y , assume t h a t each p e r i o r l ' s n e t cash flow from t h e p r o j e c t i s p a i d o u t a s d i v i d e n d s , i t b e i n g i r r e l e v a n t t o u s how t h e s e flows may be c l a s s i f i e d f o r accountinq p u r p o s e s --l e g a l d i v idends, l i q u i d a t i n g d i v i d e n d s , e t c . I f s o , t h e market v a l u e of t h e f i r m ' s o l d
p r e f i n a n c e e q u i t y , p l u s t h e c a p i t a l g a i n , o r NPV, t o o l d s h a r e h o l d e r s occas i o n e d by t h e p r o j e c t and t h e proposed c a p i t a l huc'qet hecorles:
t h e sum of t h e l a s t t h r e e terms on t h e r i g h t r e f l e c t s t h e n e t v a l u e o f t h e added d i v i d e n d f1o1.1 t o o l d s h a r e h o l d e r s . The second term i n t h i s sum i s t h e c u r r e n t v a l u e of t h e bond repayment a t t h e end o f p e r i o d n , w h i l e t h e l a s t term r e p r e s e n t s t h e p r e s e n t v a l u e of t h e o p p o r t u n i t y c o s t o f e q u i t y f i n a n c i n g however o b t a i n e d --r e t a i n e d e a r n i n g s , s a l e o f s t o c k t o new s h a r e h o l d e r s , o r s a l e of s t o c k t o o l d s h a r e h o l d e r s . T h i s i s s o si.nce a l l i n t e r e s t e d . shareh o l d e r s s h a r e t h e same r e q u i r e d r a t e of r e t u r n , k , and c a p i t a l g a i n s a r e n o t
taxed a t a p r e f e r e n t i a l r a t e ; hence t h e s e i n v e s t o r s w i l l r e q u i r e a r e t u r n of k ( l -a ) c p e r p e r i o d i n d e f i n i t e l y , o r an e q u i v a l e n t p a t t e r n . But t h e p r e s e n t 0 4 v a l u e of t h i s p e r p e t u i t y e v a l u a t e d a t t h e r a t e k i s (1 -a ) c 0'
I f , under t h e s e c o n d i t i o n s t h e p r o j e c t i s t o be a c c e p t e d , t h e market v a l u e
M 0 ' must be g r e a t e r t h a n Mo, t h e v a l u e w i t h o u t t h e i n v e s t m e n t o p p o r t u n i t y .
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The a c c e p t a n c e c o n d i t i o n i s t h e n : 4Note t h a t i f e a r n i n g s i n t h e amount o f , s a y (1 -a ) c a r e r e t a i n e d t o 0 h e l p f i n a n c e t h i s p e r i o d ' s c a p i t a l b u d g e t , t h e n by d e f i n i t i o n o f M t h e i r 0 v a l u e h a s been excluded from M 0' 5Note t h a t i f M = 0, we a r e i n e f f e c t s t a t i n g t h e acceptance c o n d i t i o n 0 f o r a new firm.
Observe t h a t s i n c e (1.3) i s s u f f i c i e n t g i v e n o u r p o s t u l a t e s t o t e s t any o p p o r t u n i t y , some r e a d e r s may l e g i t i m a t e l y r a i s e t h e q u e s t i o n : Why i s an MCC
r e a l l y n e c e s s a r y ? I t i s , f o r b e t t e r o r f o r worse, t h e p e r v a s i v e American p r a ct i c e o f l a r g e -f i r m d e c e n t r a l i z a t i o n , a p r a c t i c e t h a t w i l l p r e v a i l i n t o t h e v i s i b l e f u t u r e , t h a t makes n e c e s s a r y shareholder-wealth-maximizing c a p i t a lb u d g e t i n g c r i t e r i a . I f f i n a n c i n g d e c i s i o n s a r e made a t t o p l e v e l s , subordina t e d e c i s i o n makers must b e g i v e n p r o p e r " r u l e s " t o employ f o r a c c e p t -r e j e c t c r i t e r i a , i . e . , " h u r d l e " r a t e s o r r a t e s o f d i s c o u n t . T h i s , i n t u r n , i m p l i e s a need f o r c a p i t a l b u d g e t i n g c r i t e r i a t h a t e x c l u d e , i n t h e i r c a s h f l o w d e f i n it i o n s , t h e f i n a n c i n g c o s t s of t h e f i r m .
Before d e r i v i n g e x p l i c i t MCCs, we must d e v e l o p a few more r e s u l t s . Note t h a t t h e i n e q u a l i t y i n (1.3) can b e r e w r i t t e n a s :
and a l l elements on t h e r i g h t a r e now p a r a m e t e r s . The f i r s t term on t h e r i g h t o f ( 1 . 4 ) i s s e e n t o have t h e form o f t h e p r e s e n t v a l u e (PV) o f an a n n u i t y f o r n p e r i o d s . Hence i t can be w r i t t e n a s :
k ( l + k)" S u b s t i t u t i n g (1.5) i n t o ( 1 . 4 ) and f a c t o r i n g c y i e l d s t h e e q u i v a l e n t accep-0 t a n c e c o n d i t i o n
Inter* Rates o f Return and t h e Marginal C o s t s of C a p i t a l Many w r i t e r s on c a p i t a l budgeting have agreed on an a p p r o p r i a t e d e f i n it i o n o f t h e n e t cash f l o w , namely, t h a t embodied i n t h e IRR a s given by (1.9) below. No proof h a s been o f f e r e d t h a t t h i s d e f i n i t i o n i s v a l i d f o r t h e obj e c t i v e sought. W e w i l l show t h a t t h e d e f i n i t i o n of t h e n e t c a s h flow f o r
budgeting i s , t o a h i g h d e g r e e , q u i t e f l e x i b l e , t h e r e b e i n g a number o f d i ff e r e n t flows one can d e f i n e and t o e a c h , o b t a i n a corresponding e q u i v a l e n t , f o r a c c e p t -r e j e c t p u r p o s e s , MCC f o r s h a r e h o l d e r w e a l t h maximization.
I n t h i s s e c t i o n , we s h a l l i n v e s t i g a t e t h e MCC corresponding t o each of t h r e e d i f f e r e n t d e f i n i t i o n s of t h e IRR, i , i + and i * , and d e f i n e d r e s p e c t i v e l y by
Case I : Cash Flow A Considerinq f i r s t ( 1 . 7 ) , o r i , we seek t h e MCC o r " c u t -o f f " r a t e , i f i were t o b e used f o r a c c e p t -r e j e c t d e c i s i o n s f o r i n c r e a s i n q s h a r e h o l d e r w e a l t h .
One can i n t r o d u c e i i n t o (1.6) by s u b s t i t u t i n g (1.7) f o r c i n ( 1 . 6 ) and, We wish t o e x p r e s s i , a q u a n t i t y s p e c i f i e d by ( 1 . 7 ) , u n i q u e l y i n terms o f a l l o t h e r p a r a m e t e r s . T h i s t a s k can be s i n i p l i f i e d by n o t i n g t h a t s i n c e b o t h sums have t h e form of a PV of an a n n u i t y f o r n p e r i o d s we h a v e , a f t e r r e a rr a n g i n g terms and some s i m p l i f v i n g , (see Appendix), I n o r d e r t o i n c r e a s e s h a r e h o l d e r w e a l t h , c o n d i t i o n (1.11) t e l l s us t h a t r e g a r d l e s s of t h e v a l u e o f i g i v e n by (1.7) , it must s a t i s f y (1.11). T h a t v a l u e of i , however, which e q u a t e s t h e r i g h t s i d e o f (1.11) t o t h e l e f t s i d e , 6 , must have s p e c i a l s i g n i f i c a n c e . I t i s t h e MCC.
While we have an n-degree polynomial i n i , e x p r e s s i o n (1.11) i s never-
t h e l e s s o p e r a t i o n a l . S i n c e t h e r i g h t s i d e c o n s i s t s of a s e t o f q i v e n p a r am e t e r s , it i s a g i v e n number. Observe t h a t t h e l e f t s i d e i s p r e c i s e l y t h e
r e c i p r o c a l of t h e PV of an a n n u i t y of $1 p e r p e r i o d a t t h e r a t e o f i n t e r e s t i.
The _minimum r e q u i r e d I R R , o r t h e " h u r d l e " r a t e , o r t h e s o -c a l l e d MCC, i s t h a t v a l u e of i which s a t i s f i e s t h e e q u a l i t y i n (1.11). I t f o l l o w s t h a t t h e MCC
6
i s , i n g e n e r a l , a f u n c t i o n of y , r , k , a , and n.
A c o n s t a n t c a s h flow i m p l i e s t h a t t h e d e b t -e q u i t y r a t i o i n c r e a s e s w i t h t , f o r t h e i n c r e m e n t a l d i v i d e n d f l o w t o s h a r e h o l d e r s c o n s i s t s , i n an economic s e n s e , of b o t h t h e s h a r e h o l d e r ' s r e q u i r e d r e t u r n p l u s a r e t u r n of c a p i t a l .
Iiowever, i f t h e e q u a l i t y c o n d i t i o n of (1.11) i s t o h o l d , t h e n t h e e q u i t y mark e t v a l u e o f t h i s p r o j e c t w i t h i t s f i n a n c i n g must be e q u a l t o t h e s h a r e h o l d e r ' s o u t l a y , (1 -a ) c 0 . I f s o , t h e n t h i s i m p l i e s t h a t s h a r e h o l d e r s a r e r e c e i v i n g t h e i r r e q u i r e d r a t e of r e t u r n p l u s t h e r e t u r n o f t h e i r c a p i t a l , no more and no l e s s . T h i s , i n t u r n , i x p 1 i . e~ t h a t , s i n c e d e b t is e x p l i c i t l y h e l d c o n s t a n t o v e r a l l t < n and t h e p r o j e c t ' s c a s h flows a r e c o n s t a n t , t h e n t h e d e b t -e q u i t y r a t i o i n c r e a s e s w i t h t . Of c o u r s e , we must assume t h a t t h i s i n c r e a s e i n f i n a n c i a l r i s k i s n o t s u f f i c i e n t t o a l t e r k i n t h e s e l a t t e r p e r i o d s .
The implementation of (1.11) w i l l be d i s c u s s e d ' l a t e r . Weanwhile, l e t u s d i r e c t o u r a t t e n t i o n t o t h e s t u d y of t h e two i m p r t a n t s p e c i a l c a s e s , where n = 1 and where n i s allowed t o approach i n f i n i t y .
A s n goes t o i n f i n i t y (1.11) r e d u c e s t o :
Isooking a t (1.12) we s e e something resembling a weighted average CC.
I n f a c t , i f we m u l t i p l y b o t h s i d e s by (1 -y ) we o b t a i n :
which, i n words, t e l l s us t h a t i f we a d j u s t t h e I R R d e f i n e d a s i on an l i v e d p r o j e c t f o r t a x e s (and i f a l l o t h e r p o s t u l a t e s a r e s a t i s f i e d ) , t h e n t h e c l a s s i c CC emerges a s t h e c o r r e c t c u t -o f f r a t e , i . e . , t h e r i g h t s i d e o f ( 1 . 1 3 ) .
' A word o f warning should b e r e g i s t t r e d a b o u t t h e i n t e r p r e t a t i o n of 5 and i t s subsequent a n a l o g u e s , 5i+ and 6 . Beyond t h e scope of t h i s p a p e r is t h e problem of f i n d i n g t h e o p t i m a l c a p i $ a l s t r u c t u r e and t h e o p t i m a l c o s t o f c a p i t a l . T h i s a n a l y s i s h a s n o t proven t h a t , i n g e n e r a l , minimizing t h e MCC 8 i m p l i e s maxixnizing s h a r e h o l d e r w e a l t h . Moreover, assuming t h a t t h e p r o p o s it i o n i s v a l i d , it d o e s n o t f o l l o w t h a t we can t h e n p r o c e e d , f o r example, t o i n c r e a s e a t o 1 ( t o minimize R ) w i t h o u t c o n s i d e r i n g t h e p o s s i b l e r e p e r c u s s i o n s of t h i s on r and k . I n f a c t , t h e prohlem of a s u i t a h l e c h o i c e of a , which nay o r may n o t he e q u a l t o t h e f i r m ' s t a r g e t c a p i t a l s t r u c t u r e , and t h e c r e d i b i l i t y among i n v e s t o r s of a f i n n ' s announced t a r g e t , e x p e c i a l l y when i t d e v i a t e s mark e d l y from a , a r e a l l i s s u e s which we cannot i . n v e s t i g a t e .
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I t may be noted t h a t i n t h e level., p e r p e t u a l cash f l o w , t a r g e t ( n o t n e c e s s a r i l y c o n s t a n t ) d e b t / e q u i t y r a t i o c a s e , Modigliani and M i l l e r 151 have a l s o d e r i v e d a p r e t a x CC.
To
which i s , i n c i d e n t a l l y , i d e n t i c a l t o t h e r e s u l t o b t a i n e d when n + rn, i . e . , 
. 2 . S u b s t i t u t i n g t h e abovc d a t a i n t o (1.14) y i e l d s a s t h e MCC f o r t h i s p r o j e c t , a r e s u l t which can h e v e r i f i e d by n o t i n o t h a t i f .34 i s t h e CC, t h e n t h e r e q u i r e d n e t cash flow
S i n c e i n t e r e s t and d e p r e c i a t i o n a r e $ 1 and $50 r e s p e c t i v e l y , t h i s i n t u r n i m p l i e s an income t a x l i a b i l i t y o f .5($C7
-$ 1 -$50) o r $ s . l!ence,
a f t e r -t a x cash income i s $59 which must Bqual t h e r e q u i r e d flows t o b o t h bondholders and s t o c k h o l d e r s . To v e r i f y t h i s s t a t e m e n t , we n o t e t h a t bondiiolders r e q u i r e i n t e r e s t o f $ 1 and repayment of d e b t of $10 w h i l e s h a r eh o l d e r s demand a r e t u r n of ( . 2 ) ($40) o r $ 8 and t h e recovery of t h e i r i n v e s tment of $40. T h i s sum is $59 which corresponds t o t h e q u a n t i t y made a v a i l a b l e
by t h e above procedure.
I n o t h e r words, e a r n i n g s b e f o r e i n t e r e s t and t a x e s are $67 which e x a c t l y s a t i s f i e s t h e c l a i m s of t h e c l a i m a n t s a s f o l l o w s : $8 t o t h e government, $11 t o bondholders, and $48 t o s h a r e h o l d e r s .
I n summary, t h e p r e t a x cash flow c a s e , which y i e l d s t h e I R R i , l e a d s , f o r f i n i t e -l i f e p r o j e c t s , t o an MCC by e v a l u a t i n g (1.11). I f n = 1, a weighted average b1CC emerqes a s w e l l a s an e q u i v a l e n t e x p r e s s i o n q i v e n hy i ( l -y ) = k ( l -a ) + r n ( l -y ) . An i n f i n i t e -l i v e d p r o j e c t produces t h e s i n g l e -p e r i o d weighted average CC, namely, k ( l -a ) / ( l -y ) + r a .
Case 11: Cash Flow A ( 1 -y )
Let u s t u r n now t o t h e d e r i v a t i o n of t h e MCC corresponding t o t h e d e f i n i -
+ '
t i o n of t h e I R F given by ( 1 . 8 ) and denoted by i . Proceeding a s above, we s u b s t i t u t e (1.8) f o r c i n (1.6) o b t a i n i n g 0 8 Evaluating t h e sums and s i m p l i f y i n g we have t h e acceptance c o n d i t i o n i
The v a l u e of i t h a t s a t i s f i e s t h e e q u a l i t y c o n d i t i o n of (1.19) i s t h e MCC f o r t h i s c a s e , Bi+. AS expected, t h e r i g h t s i d e o f (1.16) i s equal t o t h e r i g h t s i d e o f (1.11) m u l t i p l i e d hy t h e f a c t o r 1 / ( 1 -y ) s i n c e t h e cash flows f o r t h e s e two c a s e s d i f f e r only by t h e f a c t o r (1 -y ) .
When n approaches i n f i n i t y , (1.16) reduces t o
-(1 -y ) which has t h e same form a s (1.12) , t h e case f o r i.
While t h e cash flows f o r Cases I and I1 y i e l d t h e same MCCs f o r f i n i t el i v e d p r o j e c t s , t h i s i s n o t t r u e f o r single-period p r o j e c t s , s i n c e i f n = 1, (1.16) reduces t o
and hence a c o n d i t i o n d i f f e r e n t from (1.14). The MCC t h a t emerges from (1.19) i s (1.16) follows from (1.15) by employing a procedure e x a c t l y l i k e t h e one used t o o b t a i n (1.11) from (1.10) ( s e e Appendix) .
and t o show t h a t t h i s p r o v i d e s u s w i t h an i n t e r n a l l y c o n s i s t e n t s e t of r e s u l t s we can u s e t h e above i l l u s t r a t i v e d a t a and o b t a i n :
Now i f t h i s i s a v a l i d I R R corresponding t o t h e d e f i n i t i o n ( 1 . 8 ) , t h e n t h e r e e x i s t s some n e t c a s h flow A such t h a t which i m p l i e s A = $ 6 7 , t h e same c o n c l u s i o n we reached and v e r i f i e d i n o u r e a r l i e r example. Hence, f o r t h e I R R (1.8) and t h e above assumed d a t a , t h e a p p r o p r i a t e PJCC i s a n e g a t i v e q u a n t i t y , namely, -.33. T h i s r a t e w i l l p r o v i d e a r e t u r n j u s t s u f f i c i e n t t o e n a b l e a l l c l a i m a n t s t o s a t i s f y t h e i r r e q u i r ements. The e x i s t e n c e of a n e g a t i v e CC i n t h i s c a s e stems n o t from a p e c u l i a -
r i t y i n t h e a n a l y s i s , h u t from a p e c u l i a r j t y i n t h e d e f i n i t i o n o f t h e I R R , a d e f i n i t i o n which admits of t h i s p o s s i b i l i t y .
Case 111: Cash Flow A ( l -y ) + yco/n Consider now t h e commonly advocated I F R a s g i v e n by ( 1 . 9 ) , w i t h v a r i at i o n s depending upon t h e income-tax d e p r e c i a t i o n method used.
I n o u r d e f i n it i o n , however, n e t c a s h flow i s a d j u s t e d f o r s t r a i q h t -l i n e t a x d e p r e c i a t i o n .
Proceeding a s b e f o r e we s u b s t i t u t e ( 1 . 9 ) f o r co i n ( 1 . 6 ) and o b t a i n Again e v a l u a t i n g t h e sums and s i m p l i f y i n g a s h e f o r e l e a d s t o t h e a c c e p t a n c e 9 c o n d i t i o n (1.21) f o l l o w s from (1.20) by employing a procedure e x a c t l y l i k e t h e one used t o o b t a i n (1.11) from (1.10) ( s e e Appendix) .
Expression (1.21) i s s i m i l a r i n form t o (1.16) and (1.11). To complete o u r comparison of t h e s e d e f i n i t i o n s , l e t u s c o n s i d e r t h e s p e c i a l c a s e s n -+ m
and n = 1. I f t h e former h o l d s , t h e n (1.11) r e d u c e s t o
t h e c l a s s i c textbook Z e f i n i t i o n . I n words, i f an i n f i n i t e -p e r i o d p r o j e c t i s * t o be j u s t worthwhile, t h e n i t s I R R i must e q u a l t h e r i g h t s i d e o f ( 1 . 2 3 ) .
To be more p r e c i s e , a s u f f i c i e n t s e t of c o n d i t i o n s f o r (1.23) t o be used a s a c r i t e r i o n f o r i n c r e a s i n g s h a r e h o l d e r w e a l t h i s t h a t , (1) t h e p r o j e c t b e i n g e v a l u a t e d must y i e l d l e v e l c a s h flows i n t o p e r p e t u i t y , ( 2 ) d e b t must c o n s i s t of a p e r p e t u i t y o r an e q u i v a l e n t s e r i e s o f f i n i t e m a t u r i t i e s renewed i n t o p e rp e t u i t y a t a c o n s t a n t r a t e of i n t e r e s t , ( 3 ) t h e d e b t -e q u i t y r a t i o must h e cons t a n t , and (4) a s a c o r o l l a r y of (1) 
we n o t e t h a t income-tax d e p r e c i a t i o n p e r p e r i o d i s z e r o , t h e l a t t e r f o l l o w i n g from t h e f a c t t h a t t h e t e r m y c /n goes t o 0
* z e r o a s n goes t o i n f i n i t y i n ( 1 . 9 ) , t h e d e f i n i t i o n of i .
J u s t a s i n t h e p r e v i o u s two cash-flow c a s e s f o r i n f i n i t e l i f e t i m e proj e c t s , t h e d e b t -e q u i t y r a t i o i s b e i n g i m p l i c i t l y h e l d c o n s t a n t i n t h e above a n a l y s i s . A i s l e v e l i n t o p e r p e t u i t y , and t h e e q u a l i t y c o n d i t i o n of (1.22) i m p l i e s , we r e c a l l , t h a t t h e equity-market v a l u e of t h i s v e n t u r e i s e x a c t l y e q u a l t o s h a r e h o l d e r ' s o u t l a y s o t h a t t h e change i n s h a r e h o l d e r ' s w e a l t h i s z e r o . But i f t h e p e r i o d i c c a s h flow A i s c o n s t a n t , t h e n t h e corresponding cash flow t o s h a r e h o l d e r s , Q , i s c o n s t a n t s i n c e t h e amount o f i n t e r e s t and
income t a x e s i s c o n s t a n t . But i f Q i s c o n s t a n t and i f n -+ m, t h e n we must have Q/k = (1 -a ) c T h i s , i n t u r n , i m p l i e s k ( l -a ) c o = Q. Thus Q i s a l -
' ways t h e s h a r e h o l d e r s ' r e q u i r e d r e t u r n and i n no s e n s e i s a s h a r e o f i t a r e t u r n of e q u i t y t o s h a r e h o l d e r s . S i n c e t h e d e b t i s n e v e r r e p a i d , t h e d e b t -
e q u i t y r a t i o must b e c o n s t a n t .
Myers 171 a s w e l l a s IIaley and S c h a l l [21 d e r i v e t h e same e x p r e s s i o n a s t h e r i g h t s i d e of (1.23) e x c e p t t h a t t h e y emerge w i t h market v a l u e w e i g h t s
w h i l e a i n ( 1 . 2 3 ) , we r e c a l l , i s t h e r a t i o of o r i g i n a l book v a l u e of d e b t t o o r i g i n a l book c a p i t a l , co. But s i n c e we d e r i v e d (1.23) under t h e r e s t r i c t i o n Q/k = (1 -a ) c o , i . e . , t h a t t h e n e t change i n s h a r e h o l d e r w e a l t h must be z e r o , t h e e q u i t y market v a l u e of t h i s hreak-even v e n t u r e i s e q u a l t o e q u i t y book v a l u e . S i n c e t h e market v a l u e o f t h e d e b t a t time t = 0 i s a c t h e same a s o f t h e book v a l u e , it f o l l o w s t h a t a i s t h e r a t i o o f market v a l u e s a s w e l l a s
t o t h e Haley-
S c h a l l and Myer r e s u l t .
I f n = 1, (1.21) reduces t o 10
which i s i d e n t i c a l t o t h e r i g h t s i d e of ( 1 . 2 3 ) . Using t h e d a t a from e a r l i e r examples t h e r e a d e r can t e s t (1.25) f o r i n t e r n a l c o n s i s t e n c y , v e r i f y i n g t h e f a c t t h a t P. w i l l a g a i n he $67 w i t h R * = .17.
i 10 To prove (1.25) we f i r s t n o t e t h a t , when n = 1, we can r e w r i t e (1..21) a s and s i n c e we have
and f i n a l l y ,
To summarize o u r Case 111 i n v a s t i q a t i o n , we have discovered t h a t i f t h e f i r m d i s c o u n t s t h e cash flow A ( l -y) + y c /n f o r NPV o r I R R computations, 0 t h e MCC f o r f i n i t e -l i v e d p r o j e c t s i s a f u n c t i o n of r , k , a , y , n , and A , and * can be evaluated by o u r f i n d i n g t h e value of i t h a t s a t i s f i e s t h e e q u a l i t y c o n d i t i o n of ( 1 . 2 4 ) . I f n + m , then t h e t a x d e p r e c i a t i o n vanishes ( i . e . , t h e firm does not b e n e f i t from t h e t a x s h i e l d provided by t h e p r o j e c t ' s i n i t i a l o u t l a y ) , t h e debt-equity r a t i o i s i m p l i c i t l y held c o n s t a n t a t book v a l u e s , which i s equal t o break-even market v a l u e s , and t h e ?1CC i s Bi* = k ( l -a ) + r a ( 1 -y ) , t h e c l a s s i c c a s e , which a l s o emerges i f n = 1.
The coincidence of t h e s e C"!CCs f o r n = 1 aricl n + m (and t h i s coincidence occurs a l s o f o r t h e Case I cash flow A ) suggests t h a t c e r t a i n common c o n d i t i o n s a r e o c c u r r i n g which, i f d u p l i c a t e d i n t h e f i n i t e n case f o r n > 1, miqht y i e l d t h e c l a s s i c weighted average f o r t h e c a s e 1 < n < m . One such f e a t u r e i s t h e maintenance of a c o n s t a n t debt-equity r a t i o . How t h i s c o n s t r a i n t i s t o be introduced i n t o t h i s a n a l y s i s i s n o t obvious, b u t an attempt w i l l neverthel e s s be made t o t r e a t i t i n another paper.
W e can now suggest how a choice may be made from among t h e t h r e e I R R s and t h e i r a s s o c i a t e d MC6s. The IFR given by i involves t h e s i m p l e s t cash flow.
+ I n a d d i t i o n , t h e PlCCs l i n k e d with i and i , (1.11) and (1.16) , r e s p e c t i v e l y , involve t h e sane parameters, which, i n t u r n , a r e l e s s than t h e number of para-* n e t e r s a s s o c i a t e d with t h e MCC ( 1 . 2 1 ) , t h e one l i n k e d with i.
On t h i s b a s i s , i i s t o be p r e f e r r e d s i n c e it has t h e s i m p l e s t cash flow and an MCC t h a t i s Suppose n = 2, and t h e following v a l u e s a r e assigned t h e remaining parameters : and a c a s h flow of $.6 p e r p e r i o d should he j u s t s u f f i c i e n t t o s a t i s f y a l l c l a i m a n t s .
S u b s t i t u t i n g t h e s e v a l u e s i n t o ( 1 . 1 1 ) , t h e v a l u e of i t h a t e a u a t e s b o t h s i d e s of t h e i n e q u a l i t y , t h a t i s
To v e r i f y t h i s f a c t n o t e t h a t , s i n c e a = . Hence n e t t.axahle income associatecl w i t h t h e proj e c t i s .6 -( . 0 1 + .50) = $.09 and t h e t a x l i a b i l i t y becomes ( . 5 ) ( . 0 9 ) o r $.045. E q u i t y f i n a n c i n g w i l l amount t o $.8 and t h e r e q u i r e d r e t u r n t o s h a r e - Required Cash Outflow -Peri.od 1 I n t e r e s t $.01
Income t a x e s .045
Required r e t u r n t o e q u i t y .064
and s i n c e t h e n e t cash i n f l o w i s $ . 6 , t h e amount remaining a f t e r r e q u i r e d d i s t r i b u t i o n i s .6 -. I 1 9 o r $.481, a sum which i s r e t u r n e d t o s h a r e h o l d e r s a t t h e end of p e r i o d 1. Net e q u i t y i n t e r e s t i n t h i s p r o j e c t a t t h e o u t s e t of p e r i o d 2 i s t h e n $.319 and t h e r e q u i r e d r e t u r n t o e q u i t y f o r p e r i o d 2 becomes (.319) (.08) = $.02552. , which when added t o t k i r p e r i o d 2 proj e c t r e t u r n of S.02552 g i v e s S.064, o r a r e t u r n of .08 on t h e i r i n v e s t m e n t s , t h e i r r e q u i r e d r a t e o f r e t u r n . I n sum, t h e cash flows of $.60 f o r e a c h p e r i o d
a r e j u s t s u f f i c i e n t t o pay bondholder's p r i n c i p a l and i n t e r e s t , incone t a x e s , t h e r e q u i r e d r e t u r n t o s t o c k h o l d e r s , and t h e investment o f t h e s h a r e h o l d e r s .
Note t h a t t h e weighted average CC y i e l d e d hy, s a y (1.121, would, f o r t h e above d a t a , p r o v i d e 8 = (.08) ( . 8 ) / ( . 5 ) + (.05) ( . 2 ) o r .13R, a q u a n t i t y i n exc e s s of t h e c o r r e c t r a t e of .13. rlsing (1.12) f o r a c c e p t -r e j e c t p u r n o s e s , t h e p r o j e c t would b e e r r o n e o u s l y r e j e c t e d . A si.mi1ar e r r o r would b e made i f one were t o u s e i n s t e a d (1.13) w i t h t h e I R R i (1 -y ) , because (1.13) assumes an i n f i n i t e -l i v e d p r o j e c t .
Summary The e x a c t MCC h a s been d e r i v e d d i r e c t l y from t h e motive t o maximize s h a r eh o l d e r w e a l t h , a c o s t t h a t corresponds t o t h e widely advocated weighted-average
e x p r e s s i o n o n l y a s a s p e c i a l c a s e . Proceedinq i n two s t e p s , we f i r s t d e r i v e d a fundamental a c c e p t a n c e c o n d i t i o n t h a t maximizes s h a r e h o l d e r w e a l t h , namely, c o n d i t i o n ( 1 . 6 ) , a c r i t e r i o n s u f f i c i e n t t o e v a l u a t e any indenendent investment o p p o r t u n i t y w i t h l e v e l n e t cash flows i n combination w i t h any d e h t / e a u i t y mix i n t h e c a p i t a l budget when t h e l e v e l o f d e b t i s h e l d f i x e d and when e q u i t y , f o r t h e f i n i t e n c a s e , i s allowed t o d e c l i n e . A s a second s t e p we d e r i v e d s h a r eh o l d e r w e a l t h maximizina i n t e r n a l -r a t e s -o f -r e t u r n c r i t e r i a and t h e i r a s s o c ia t e d exact c o s t s o f c a p i t a l .
A t t e n t i o n h a s been drawn t o t h e c o n d i t i o n s s u f f i c i e n t t o d e r i v e normative
i n t e r n a l suhoptimizing c a p i t a l -b u d g e t i n g c r i t e r i a . Regardless o f which o f t h e s e cash flows one wishes t o d i s c o u n t , t h e a f t e r -t a x MCC i s a f u n c t i o n o f t h e r a t e o f i n t e r e s t , t h e c o s t of e q u i t y c a~i t a l , t h e c o r p o r a t e income-tax r a t e , t h e p r o p o r t i o n o f each s o u r c e of c a p i t a l i n t h e c a p i t a l b u d g e t , and t h e l i f etime of t h e p r o j e c t .
For t h e Case I11 c a s h flow of A ( l -y ) + yco/n, t h e MCC i s a f u n c t i o n a l s o o f A f o r f i n i t e n > 1. I n t h e s p e c i a l c a s e where t h e l i f e o f t h e p r o j e c t i s i n d e f i n i t e l y l o n g , income-tax d e p r e c i a t i o n p e r p e r i o d i s z e r o , and t h e d e b t -e q u i t y r a t i o i s h e l d c o n s t a n t f o r e v e r ; t h e M C C i s , i n some s e n s e , a weighted a v e r a g e o f t h e t a x -a d j u s t e d r a t e o f i n t e r e s t and t h e c o s t of e q u i t y c a p i t a l . Regardless o f t h e c a s h flow b e i n g e v a l u a t e d , a weighted average form f o r t h e 1,ICC a l s o emerges f o r t h e s p e c i a l c a s e n = 1. For t h e Case-I-cash flow A , t h e i n f i n i t e -p e r i o d MCC corresponds t o t h e s i n g l e -p e r i o d
MCC.
The same i s t r u e f o r t h e cash flow A ( l -y) + y c /n.
0
For an i n f i n i t e -l i v e d p r o j e c t , we can e v a l u a t e e i t h e r A ( 1 -y ) o r A ( l -y ) + y c /n and employ t h e same MCC, namely, k ( l -a ) + r a ( 1 -y ) , f o r 0 e i t h e r a c u t -o f f r a t e o r a s a r a t e of d i s c o u n t . Indeed, we can even u s e t h e same MCC f o r c u t -o f f p u r p o s e s w i t h t h e cash flow A provided t h a t we a d j u s t t h e p r o j e c t ' s I R R f o r t a x e s , i . e . , t h a t we employ i ( l -y ) i n s t e a d of i .
The a n a l y s i s r e s o l v e s s e v e r a l i m p o r t a n t i s s u e s . I t i m p l i e s t h e " c o r r e c t - ~h r e e ' d i f f e r e n t d e f i n i t i o n s of t h e n e t c a s h flow were i n v e s t i g a t e d . Each l e d t o a unique d e f i n i t i o n of t h e I R R and, i n t u r n , t o an a s s o c i a t e d MCC.
These I R R s , a l o n g w i t h t h e i r correspondina MCCs, c o n s t i t u t e e q u i v a l e n t a c c e p tr e j e c t p r o c e d u r e s . S i n c e t h e y a r e e q u i v a l e n t , we s h o u l d , i n t h e ahsence of comp e l l i n g e x t r a n e o u s f a c t o r s , u s e t h e s i m p l e s t f o r d e c i s i o n purposes. T h a t one i s ( 1 . 7 ) , which i n v o l v e s t h e si.mple p r e t a x c a s h flow A i n combination w i t h t h e condi-tion (1.11).
With r e s p e c t t o t h i s l i n e of a t t a c k f o r i n v e s t i g a t i n g t h e c o s t of c a p i t a l , t h i s p a p e r h a s b a r e l y opened t h e d o o r . D i f f i c u l t i e s of implementing t h i s approach must b e s e t f o r t h a s w e l l a s t h e ways i n which t h e y may be overcome.
A l t e r a t i o n s i n t h e b a s i c c o n d i t i o n s should be i n v e s t i g a t e d i n c l u d i n g among o t h e r s :
(1) uneven c a s h f l o w s , ( 2 ) t h e u s e o f d i f f e r e n t methods o f incomet a x d e p r e c i a t i o n and d i f f e r e n t methods o f r e p a y i n g t h e d e b t , i n c l u d i n g , of c o u r s e , t h e i m p o r t a n t conflition of a c o n s t a n t d e b t -e q u i t y r a t i o f o r f i n j t e i n v e s t m e n t s , ( 3 ) removal o f t h e r e s t r i c t i o n t h a t s h a r e h o l d e r s a r e i n d i f f e r e n t between c a p i t a l g a i n s and d i v i d e n d s , and, what i s v e r y i m p o r t a n t , ( 4 ) s t u d y o f t h e magnitude of t h e e r r o r committed when t h e c l a s s i c a l weiqhted a v e r a g e CC i s employed i n p l a c e o f t h e above FICC f o r f i n i t e -l i v e d p r o j e c t s . Myers, S. C. " I n t e r a c t i o n s of C o r p o r a t e F i n a n c i n g and Investment Decis i o n s . " J o u r n a l o f F i n a n c e , Vol. 29, No. 1 (March 1 9 7 4 ) , pp. 1-25.
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